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Hic system for broadband data payload convcrriion func- 
tions to cflicientiy convert broadband data between two .sets 
of data formats, in particular, this software system converts 
between AUG/AU.WC3 clear channel payloads and AU4/ 
VC4/'rU3/VC3 clear channel payloads in an efficient 
manner, which also aimplies with the industry standard data 
formatting requirements. Ilie present syslem implements an 
ctlicient data format conversion process that uses existinj» 
circuitry and can clfect the data format conversion with only 
a few bylcs of delay itislcad of an entire frame of delay as 
is typically found in cxi.sting systems. Hiis is acajmpiished 
by manipulating the format conversion to simplify the 
format conversion process. 
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FIG. 2 
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FIG, 3 
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FIG. 5 
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FIG, 7 
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FIG, 10 
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SYSIKM FOR KKRCIENT IIROADBANI) FIG. 2 illusiralcs in block diagram form ihe archiicclurc 

DATA PAY I. OA I) CONVKRSION of the present system for broadband data payload cx)nvcr. 

sion; 

FIG. 3 illustrates the format of the S!'M-1 payload, 

lllil J) 01' I'llli INVEN'riON 5 consisting of three AU-3 data streams, which payload sup- 

„, . . , .... , .t . ports an Administrative Unit Group; 

lliis iiivciitioii relates to data transmission systems that * / . . • . 1 1 

arc u.sed to transinit broadband data and in particular, to a I'iG. 4 illustrates the format of an Admmistralivc Unit 

system for converting the format of clear channel payloads Group contamcd m the S 1 M- 1 payload; 

in a mariner to niiiiimi/c conversion delays yet comply with FIG. 5 illustrates the format tif a reconstructed VC-3 

the industry standard formatting requirements. signal; 

FIG. 6 illustrates the formal of the reconstructed VC-3 

PKOHLEM signal, with the inclusion of rU-3 stuff bytes and pointers; 

It is a problem in data transmission systems to cflicicntly FIG. 7 illustrates the formal of a pseudo-VOrmS signal; 
convert data between dilTcrcnt data formats. I'hc need for 15 FIG. 8 illustrates the format of the data signals output by 
data format conversion arises when the data transmission the present .system for broadband data payload conversion, 
network is connected to terminal equipment which uses a in the form of AU4/VC4/TU3/VC3 payloads; 
data format that dillcrs from the one used by the data FIG. 9 illustrates in block diagram form additional details 
tran.smi.ssion network. Typical data transmission systems of the receive path of the present system for broadband data 
frequently use custom integrated circuits to perform the data 20 pgyioad conversion to convert from AUG/AU3/VC3 clear 
formal conversion, but these circuits are expensive to channel payloads to AU4/VC4/n'U3/VC3 clear channel pay- 
develop and cannot be changed as the data formats change loads- 
over time. An alternative to the use of custom integrated illustrate ihe format of a VC4 data frame 
circuits is the use of software .systems, but these systems ^^^^.^^ ^^^^^ ^ ^^^^ 

iradc speed of data lormat conversion provided by the 25 . r .u ai i^'mai iiA/r-i 

custom integrated circuits for the nexibility to adapt to . HG- 12 illustrates the format of the AUO/AU3/VC3 

changes in the data lormat. Thus, it is a problem to imple- •'^>e"^» P"'"^*=^«' ^"^ 

menl data format conversion systems that are time wi.se I'lG, 13 illustrates in block diagram lorm additional 

enicienl. inexpensive, and easy to modify to rellect changes details of the Iransmil path of the present system for broad- 

in dala formaUs -^t* ^^'^ payload conversion lo ainverl from AU4/Vc:4/ 

In Ihe ca.^ of AUG/AU3/VC3 clear channel payloads and 1-U3A^C:3 clear channel payloads to AU(;/AU3/VC3 clear 

AU4A^C4/TU3/VC3 clear channel payloads, a standard I'll) channel payloads. 

conversion technique is used, which incurs a full frame of DF TAILED DFSCRIITION 
delay to effect the format conversion. Thus, each time the 

dala stream must be converted lo accommodate the needs of Definitions 

a particular circuil, (his delay is added to the signal path, . r n ^ r 

(hereby reducing the elVeclive data thmughpul of the overall I'or the purpose ol this de.scription, the following dehni- 

system due lo the signal procej^sing delays and the need to h"ns are used lo describe the prelerred embodiment ol the 

process complex formal conversion algorithms. The ainver- invention. 

sion of these clear channel payloads is presently elfected by "Network Data" compri.ses dala that is formatted in one of 

Ihe iLse of cusiom integrated circuits which arc expensive to the industry standard dala transmi.ssion formats, such as the 

develop and cannot be changed as the dala formats change AU(i/AU3/Vc:3 clear channel payloads, which formats rep- 

ovcr time. resent a plurality of multiplexed data streams. 

"Sy.slein Dala" a)mprises dala that is formatted in one of 

SOLUIION (i^j. industry slarulard dala processing formats, such as Ihe 

nie aiu.ve described problems arc .solved and a technical AU4/VC4/m.3m\3 clear channel payloads, which formats 

advance achieved by the pre.senl sy.slem for broadband data represent a plurality of mulliplcxcd data streams, 

payload conversion (hat functioas lo eiriciently convert "AUG/AU3/VC3 clear channel payloads" compri.se data 

l>roadband data between two sets of data formats. In payloads compri.sed of combinations of lower order data 

particular, this software system converts between AU(J/ containers of any fornial compatible with either c:-3 or 

AU3A^(:3 clear channel payloads and AU1/VC:4/iaj.3/VC3 'mG-2 definitions as given in applicable SDII/SONliT 

clear channel payloads in an enicienl manner, which also standards. What is meant by "clear channel" is that the dala 

complies with the indu.stry standard data formatting require- pa.sscs through unchanged al these lower order dala rales, 

ments. Ilie pre.sent sy.stem implements an etlicient data "AU4/VC:4/rU3A^r3 clear channel paykiads" ct)mprise 

formal ct>nversion process that uses existing circuitry and data payloatis comprised of coniinations of !i>wer order data 

can elfcci the data formal conversion with only a few bylcs coiiiainers compa(ihle wiih the ('-3 definitions as given in 

of delay instead of an entire frame of delay as is lypically applicable SDH/SONIi T standards. What is meani by "clear 

found in existing systems. Iliis is accomplished by manipu- cliannel" is that (he data pa.sses through unchanged al these 

laling the format ct>nversion to .simplify the format ainver- lower order dala rales. 
sit)n process. 

Architeclure of (he Sys(em for Broadband Data 

BRllil- DKSdUKnON Ol' HIF DRAWING Payload Conversion 

I Ki. I illustrates in block diagram Ibrm the multiplexing Ilie present system resides on a circuit pack thai coni- 

.struclure in terms of the format conversion in the receive bS prises a port board that supports up (o four S TM-l 

path from AUtl/AU.VVC.I clear channel payloads tt) AU4/ interfaces, each of which is capable of proce.s.sing either one 

VC:4/rU3/VC "3 clear channel payloads; AU4 clear channel payK>ad or three AU3 clear channel 
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pay loads. I'he inicrfacc cither passes the AU4/VC4 pay load 
without modification or provides a broadband gateway by 
convening received AUG/AU3A^O payloads into the AU4/ 
VC4/I'U3/VC3 pay load lhal the system requires. The 
prcscni system docs not perform ihe standard conversion 5 
process from the received AUC;/AU3/VC3 payloads into the 
AU4A^C4/rU3/VC3 payload, but instead performs a short- 
cut process. Ill is port board interfaces to the Ml 6/1 system 
either by passing through the AU4/VC4 payload or by 
providing a broad-band gateway from an AUG/AU3/VC3 to lO 
an AU4/VC4/'m3/VC3 payload. In both options, the pay- 
load stnjciure presented to the M16/1 system is in AU4/VC4 
format. While lower-order TUs (TU12, l UU, VJ2) can be 
transported through the SA-1/4 circuit pack and I he MI6/1 
system, these TUs are not extracted within the M 16/1 system 15 
itself. I'herc is nothing to hinder such extractions once the 
AU4A^C4/rU3A^(:3 payload is convened back to a AUG/ 
AU3/VC3 and applied to a network clement that can handle 
these lower-order .structures. In other words, passing through 
the SA-1/4 and M16/1 system and going through this 20 
conversion does not "damage" any lower order ITJs if 
present. 

riO. 2 shows a simplified block diagram of one fourth of 
the conversion circuitry of a SA-l/4 circuit pack. 'ITiis 
diagram highlights the functions performed by the VGA in 25 
the context of the operations performed by properly- 
configured SPli(7rKA and rUI*P+ devices. I'he reference 
points labeled A through II arc used to help describe the 
conversions that the VGA and surrounding components 
perform on the signal format as it moves through the SA-1/4. 
At reference point L, the output is an I TU-Iegal VG-4 signal 
that carries three rU-3 data streams, as shown in FIG. 8. The 
VGA I'PGA performs a portion of a non-ITU standard 
conversion between AUG/AU3/VC3 Payloads to AU4/VG4/ 
TU3/VC3 Payloads. It docs so in both directions; that is, 
AU(j/AU3/VG3 payloads as shown in l-IG. 1 arc converted 
to/from AU4/VG4/TU3/VG3 payloads in a non- 
conventional way. ITic traditional conversion between these 
formats would be both expensive and wasteful. 

Data I'ormals for Conversioas 
In panicular, I-IG. 1 illustrates the six possible signal 
processing paths lhal can be taken to produce the AU4/VG4/ 
rU3/VC:3 payload. The processes lake channel data at the 
rates noted on I-IG. I adjacent the blocks labeled: G-4, G-3, 
(:-2, C'-12, (Ml and produce a resultant data stream of 155 
Mbit/sccond, output into blocks: S TM-N, S TM-l, S I'M-O 
on I-IG. 1. 

In the first process, the ('-4 data .stream is mapped into a 
VC -1 format and alignal with AU-4 pointers. Hic resultant 
multiplexed data .stream is packaged into an AUG formal. 
Hie second process maps the (>3 data stream to a VG-3 
formal which is then aligned and the 'rU-3 pointers 
appended thereto. This resultant data stream is processed by 
rUG-3 and three data streams are multiplexed together into 
the VG-4 format and aligned with AU-4 pointers. The 
rcsultiuU multiplexed data stream Is packaged into an AUG 
format. In the third process, the G-3 data stream is mapped 
to a VC:-3 format which is then aligned and the AU-3 
pointers appended thereto, lliree of these data streams arc 
then multiplexed together and packaged into an AUCi for- 
mat. The fourth process takes a G-2 da la stream which is 
processed to a VC:-2 format which is then aligned and the 
rU-2 pointers appended thereto. This resultant data sircam 
is processed by rUG-2 and either seven data streams are 
multiplexed together intt> the VG-3 fomiat and aligned with 
AU-3 pointers and the resultant multiplexed data stream is 
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packaged into an AUG format, or seven data streams are 
multiplexed together and tlie resultant data stream Ls pro- 
cessed by TUGO and three data streams arc multiplexed 
together into the VC^ formal and aligned with AU-4 
pointers. The resultant multiplexed data sircam is packaged 
into an AUG formal. In the fifth process, a C-1 2 data stream 
LS processed to a VC-12 formal which Ls then aligned and the 
nj-12 pointers appended thereto. 'Iliis resultant data stream 
Ls processed by TUG-2 and either seven data streams arc 
multiplexed together into the V(:-3 format and aligned with 
AU-3 pointers and the resultant multiplexed data stream is 
packaged into an AUG formal, or seven data streams arc 
multiplexed together and the resultant data stream is pro- 
cessed by '11^0-3 and three data streams are multiplexed 
together into the VC-4 format and aligned with AU-4 
pointers. 'Ilie resultant multiplexed data stream is packaged 
into an AUG format. In the sixth process, a C-U data stream 
is processed lo a VG-11 formal whicli is then aligned and 
either the TU-11 t)r TU-12 pointers appended thereto. Iliis 
resultant data sircam is multiplexed by three or four, 
respectively, and processed by ill G-2 and either seven data 
streams are multiplexed together into the VG-3 formal and 
aligned with AU-3 pointers and the resultant multiplexed 
data stream is packaged into an AUG formal, or seven data 
streams are multiplexed together and tlie resultant data 
stream is processed by TUG -3 and three data streams are 
multiplexed together into the VC-4 format and aligned with 
AU-4 pointers, The resultant multiplexed data stream is 
packaged into an AUG format. These processes represent the 
present state of data format conversions thai are imple- 
mented in custom integrated circuits. 

Format Conversion of the AU-3 Signal 
Hie standard AU-3 signal format is illustrated in 1 KJ. 3 
and compri.scs an S TM-l payload of data coasLsting of 261 
columns by 9 rows to which is prepcnded a header of 9 
ct>lumns by 9 rows of administrative data, where each 
column compri.scs a byte of data. In the AU-3 formal, the 
admini.slrativc data compri.ses two section overhead SOU 
blocks, which are separated by an Administrative Unit 
Pointer as shown in I'lG. 3. Iliis data format is industry 
standard. I'he STM-l payload itself com pri.scs three byte 
interleaved data streams as shown in FIG. 4. Each data 
channel comprLscs 86 columns of data with a set of pointers 
prepcnded thereto. Included in the 86 columns of data are 
45 two columns of slulT bits. The three data channels have 
added thereto three bytes of administrative information: 
HI -113. I'he Ml, 112 and 113 bytes comprise a preamble or 
01 1010 in the 111 byte followed by a .stulf value of 595 (ba.sc 
10). I'he 113 byte and the rest of the column are stulTed with 
50 zeros. I'he resulting stull values in the III, 112 and H3 bytes 
are 6A (hex). 53 (hex) and (K) (hex). In operation, at the 
I'll'O output, when the J I lag is detected, a dummy J I byte 
(OJ I , (ixed stulled to /jcto) is output along with a high pulse 
marker on the ICI JI/3 output. Ihen an III byte (fixed stulT 
55 to (>A hex) is output, followed by the real J I byte. I'he IC:i 
J 1/3 output is set back to low after Ihe DJl byte is output. 
'Ilie lPL/3 output bit is set to 1 during all three byte times. 
When the H3 lag is delected, a dummy lU byte (nii3 fixed 
stuflcd to 0) is output, then an H2 byte (fixed stutTed to 53 
t,o H) is output and then the real H3 byte. When the PO tag is 
detected, a dummy PO byte (l)PO fixed si u lied to 0) is 
output, then a dummy byte (fixed stulled lo 0) is output (in 
the first case of PC), Ihiseorrespoiids to 113) and then the real 
PO byte. Ilius, the DPO mechanism covers tlie la.si 7 rows 
(i5 of Path Overhead, as rcprcsenlcd in I-IG. 9 as Atld '1*U slulf 
column and Add W IViinter Column. All other VC-3 bytes 
are t)utput as they are read from Ihcir respective I'll'Os. 
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30 



As shown in HG. 9, Nclwork Daia lhat is received from 
the line side SPECFRA is in byie formal and contains three 
hyie-inicrlcavcd data streams, each of which comprises AU3 
pointer and payload information. The system byte- 
disinterleaves the received Network Data into three distinct 5 
AU3 data streams, 'llie three distinct AU3 data streams are 
processed by using write data row counters and write data 
column counters, one set of counters for each data stream, to 
identify the stuff columns lhat are included in the AU3 data. 
'I*hcsc stuD" columns must be removed to enable Ihc convcr- to 
sion of the Nclwork Data into System Data. A F^'IFO is used 
to store all of the inbound VC3 byles while rejecting the stuff 
bytes lhat arc written into columns 30 and 59 of Ihc AU3 
data. Ilic FlI'O is U bytes wide to allow for storage of the 
byie wide data as well as the Path Overhead markers. 'ITie 15 
incoming Jl byte is lagged with a "one" in the J 1 marker bil 
when it is written into the I-IFO. 

Hie output of the MFO uses Ihc Jl lag when detected to 
reconstruct the output da la .stream in the format illuslraled in 
FKj. 3. Hic three data streams are byie interleaved as shown 
in FIG. 7 intoa pseudo VC4/rU3 data stream with thcTUPP 
completes the final slages of the data formal conversion by 
aililing the VC4 POU and AU4 poinlers to create the dala 
formal of I'lCi. 8. 

Ilie resultant dala streams arc byte interleaved as shown 
in I'ICj. 4. It is desired to convert ihe byte interleaved set of 
three dala streams into a basic TUG -3 format that comprises 
a y row by S6 column dala structure. To accomplish this, the 
present system byte disinterleavcs the three dala streams 
back to the AU-3 dala streams, llic stull' columns are then 
eliminated and the VC-3 signal as shown in FIG. 5 is 
obtained at point B. llach VC-3 data stream is then convened 
to 1*11-3 formal by the addition of a dummy J I bylc column 
DJ-1 plus an H-pointcr column to produce 87 columns as 
shown in FIG. 6 at point C. At reference point D, the three 
pseudo rU-3 data streams and Ihcir associated dummy Jl 
bytes and H bytes are byte interleaved together to create a 
pseudo VC'4 signal. The dummy byles arc all zero, so the 
first three columns carry stuff values of zero. Ihc next three 
columas illustrate the H pointers and how the three real Jl 
byles are pointed to by the fixed 595 (base 10) II pointers. 

Receive Direction 

Al the inler-face gt)ing l'R(JM the Line Side SPUCn'RA 45 
TO the VCA, the formal can he either SrM-l/AU3 or 
ATM 1/AU4. Ill is signal, present al reference point Aof l-IG. 
2, is shown below in 1"IG. 3. It is an S TM-I payload which 
supports an Administrative Unit Group (AUG) where the 
AUG can consist of either one AU-4 or 3 AU-3 s. We arc 50 
intereslcil in the latter here. Die only difference iictween a 
standard STM- 1 signal and the signal at reference point A is 
that the SOI! is stuffed willi zeros by llie Line Si<le SI*F(> 
TRA. 

In what we will call C^onversion Mode, the payload of the 55 
SPI:C: TKA al reference point A is shown in FIG. 4. Note that 
each V(:-3 is part of an AU-3 which combine to make an 
AUG. This data is taken into the VCA and byte- 
disinterleaved and processed into three signals (sec I'lCi. 5) 
a I reference [x>int IJ. Recall that the purpose of the VCA in 00 
this direction is lo a>nverl the AU3's into I'UCi3's where a 
FUCi-3 is a ^-row by K6-column struclure. llius, the VCA 
lias removed the stuff U)lunins by the lime the signals get to 
this intermediate point. Al reference point C, the signal has 
been augmented by a Dunuiiy J 1 (DJ I ) byte column plus an o5 
M pointer column for a total of «7 columns as shown in l\G. 
6. The DJl byte (lixed slulf valuc-0) in a column of fixed 



stuff byles (all set 10 0) is equivalent lo a column of zeros. 
A second column is added which contains III, H2, and H3 
bytes with a preamble of 011010 (binary) in the HI byte 
followed by a .stuff value of 595 (base ten). H3 and the rest 
of the column is fixed stuffed to 0. 'l*hc resulting stuff values 
in the III, 112, and H3 bytes arc 6A (hex), 53 (hex) and 00 
(hex). This is shown below. 

At reference point D (sec F'lG. 7), VCA conversion has 
the effect of bylc interleaving the three pseudo lU3's and 
their associated Dummy J I *s and H byles into a pseudo VC4 
signal. Recall that all the dummy bytes are set to a value of 
zero. Another way of saying this is lhat the first 3 columns 
arc effectively carrying stuff values of zero. The next three 
columns illustrate how the II pointers may appear and how 
the three REAL J 1 bytes arc pointed to by the fixed 595 
(base 10) H pointers would appear in this illustrative 
example. 

At reference point L. the output of the Receivc-side 
'IXIPP+, is an I TU-lcgal VC4 signal carrying three TU3's. 
Adding the locked pointer 0, the output of the Receivc-side 
IXiPP+Iooks like I'lG. 8. 

Description of the AU3 to AU4/'1'U3 Conversion 
Process 

1. Data coming from the Line Side Spectra is in Bylc 
Telecombus Mode and contains byte-interleaved AU3 
pointer and payload informaiion. Parity is first checked and 
then the dala is byie-disinterleavcd into ihree AU3 data path 
streams. 

2. Write-data row and ailumn counters (one for each path) 
are used lo idenlify stuff columns and other data of interest. 
The respective J 1 pulse, extracted from Ihc I^-DCl Jl puLse 
coming from the Line Side Spectra is used to reset the 
respective data path's write countcrs.(Note: the row and 
column counters refer to the top figures within l-IG. 4. ITicsc 
counters count from 1 to 87 (columns) and 1 to 9 (rows) only 
when I>S„DPL is high and arc initialized by the Jl event 
exlracled from KS-DCIJI. 

3. A FIFO (using ihc XILINX built-in CLB 16-byte deep 
RAM capability per XILINX Application notes OSI, 044, 
and 053) is u.sed to store ALL inbound VC3 bytes while 
rejecting .stuff byles in a)lumns 30 and 59. llie l-H'O is 1 1 
bits wide lo allow for storage of llie byte -wide dala PLUS 
1-bit Jl. B3, and PO (remaining Path Overhead) markers. 

4. I'he incoming Jl byte is "lagged" with a ''one" in the 
Jl marker bit described above when it is written ink) the 
FIl'O. 

5. At the I'lFO output, when the Jl tag is detected, a 
dummy J I byte (DJ 1 , fixed stuffed lo 0) is output along with 
a high pulse marker on the ICl J 1/3 output. Then, an II 1 byte 
(lixed stuff lo ()A hex) is output, followed by the real J 1 byte. 
Hie 1 CI Jl/3 output is set back to low after the DJl byte is 
output. The IPL/3 output bil is set to 1 during all 3 byte 
times. (Note; IClJl/3 and 1PIV3 refers to the signals that 
LACII path mixes into the RX IC1|1 and RX„JD..PL 
outputs of the VCA). When the H3 lag is delected, a dummy 
Ii3 byte (DM3, lixed .stuffed to 0) is oulpul, then an 1 12 bylc 
(fixed slutted to 53 11) is output, and^lhen Ihe real B3 byte. 
When the PO tag is delected, a dummy PO bylc (DPO, fixed 
sluffed lo 0) is output, then a dummy byte (fixed stuffed to 
0) is oulpul (in the I'lRS T ca.se of PO. this corresponds tt) 
113), and then the real PO byte. 'nius, rhe DPO mechanism 
covers the last 7 rows-worth of Path Overhead. ('Diis is 
represented symbolically in l-lG. 9 by the "Add 1*0 Stuff 
Column" and "Add TU Pointer Column"). All other VC3 
bytes arc output as they are read from their respective 
FIFOs. 
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6. When the l'II-*0 is empty, the IPL/3 node is reset to 0. 
If the I'lrO is for TU3#1. the IClJl/3 node is set to 1. 
Otherwise, lClJl/3 is set to 0. lliis implies that the Fl 
portion of RX „K:IJ I will pulse many limes during a frame, 
(lliis has been verified by PMC-Sierra lo be acceptable 
operation). 

7. 'ITic data from the ihrcc paths is bytc-interlcaved as 
shown in FIG. 7 and passed on lo the Receive side rUPP+ 
via the RX„II) bus, RX_IC1JU and RX_ID_FL. 
RX-ICIJl pulses HIGH during RX_ID._PL HIGH to mark 
the Jl byte on the RX_ID bus for each TU3. RX_IClil 
pulses HIGH during, RX_ID_PL LOW to inform the 
Receive -side 'rUPP+ which TU3 is TU3 number one (of 
three) within the Pscudo-VC4 coming from the VCA. ITie 
System Side Spectra expects a true STM 1/AU4/TU3 (except 
the MSOH. RSOH and POH do not have to be valid). It is 
the TUPP+ that ixrforms this conversion, adding dummy 
VC4 POH and AU4 pointers. 'Hius, the System Side Spectra 
receives an S'rMl/AU4yTU3 as shown in FIG. 8. 

Transmit direction 

At the interface going FROM the System Side SPUCTRA 
TOWARDS the VCA, ihe signal looks like a standard 
S TM-l signal with the SOH is stuffed with zeros by ihc 
System Side SPECI'RA. FIGS. 10 and II show how refer- 
ence point F appears. After being processed by the Transmit 
'TUPP+, the signal at reference point G still appears as given 
in F'lCJS. 10 and 11 except the signal is accompanied by 
markers for the Jl, CI, and Payload. Thu.s, the job of the 
Traasmit rUPP+ is to perform TU3 pointer interpretation. 

*Hie arrangement of three TUG-3 s multiplexed into the 
VC-4 is shown in FIG. 4. Hie TU(l-3 is a Q-row by 
86-column structure. 'ITie VC-4 consists of one column of 
VC.4 POII, two columns of fixed .stulT and a 25H-column 
payload structure. Hie three TUG-3 s are single-byte inter- 
leaved into the 9-r(iw by 258-colunin VC-4 payload struc- 
ture and have a fixed phase with respect to the VC-4. The 
payload at reference point H appears as given in F'IG. 12. 

Description of the AU4/TU3 to AU3 Conversion 
Process 

1. Data coming from the Traasmit TUPPf is in Byte 
Telecomhus Mode and contains hyte- interleaved AU4/TU3 
pointer and payload information. Parity is first checked and 
then the dala is byte-disinterleavcd intt> three ■l'U3/VC3 data 
path streams and sent on to a RFO (one for each data 
stream). 

2. A I'll'C) (u.sing the XIUNX built-in Cl.H lO-bytc deep 
RAM capability per XIUNX Application notes OSI, 044, 
and 1)53) is usai to .store AM. inbound 'l\J.3/VC3 bytes as 
indicated by TX O'TPL when set to 1. llie I'll-O is ^ bits 
wide to allow for storage of the byte-wide data PKUS a 1-bit 
J I pulse, indicated by the TX .0'TV5 pul.sc coming from the 
Traasmit 'TUPP+ and a.s.sociated with the respective 'TU3/ 
VC3 data path. This incoming Jl byte (labeled by 
TX OTV5) is "lagged" as a "one" in the Jl marker bit 
described above when it is written into the l-ll-O. 

3. Read-data column counters (one for each path) keep t,o 
track of outgt)ing columns and are used to identify AU3 
lixal stuff bylcs and olher data of interest. 

4. Ibe respective J 1 bit is used io re.se t the associated data 
path's read counter when it is read out of the I-ll-O. The 
column counter also wraps around at the end of each row. b.s 
This occurs at a count value of K.S (the count freezes during 
the 2 stuff columns). 
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5. When the column count is either 30 or 59, the FIFO 
read is suppressed once and a stuff byte of all zeros is output 
and the respective LS„AJ*L/3 node is forced to logic I. All 
other TU3/VC3 bytes are output as they are read from their 

s respective FIFOs. At this point, wc can call the resulting data 
stream a pseudo AU3A^C3. 

6. When the RFO is empty, the respective l^_API73 
ntxic is reset to 0 and the column counter is not incremented. 
'Hie respective I>S-APU3 node is set lo I otherwise. 

7. If the empty Fi FO is associated with AU3#I, the 
l^_AClJl/3 node is set to 1. For the other 2 AU3 s, 
LS_AClJl/3 is set to 0 for this condition. 

8. Each \S_ACU\rS node is also set to 1 when the FII-O 
is NOT enipty but a Jl byte is being read from the respective 
FIFO. 

9. 'The data from the ihrcc paths arc byte-interleaved as 
shown in FIG. 12 and passed on to the Linesidc Spectra via 
the l^_Al) bus. Steps 6, 7. and 8 imply that LS_AC1J1 

20 will pulse to indicate CI multiple times per frame. This CI 
pulse informs the Line Side Spectra which AU3 Ls AU3 
number one (of three) whenever LS_AC1J1 pulses HIGH 
when I.>S_^Lis LOW. When LS_^CIJI pulses HIGH 
when I^_Ain. is HIGH, it delineates a VC3 Jl POH byte 
25 on the Ii>_AD bus. 

10. 'I*his data is fed into the Line Side Spectra as a 
AUG/AU3A^C3 data with the pointer bytes removed as 
shown in FIG. 12. ITie TPIP block in the Line Side Spectra 
must be disabled by software due to the peculiar operation 

30 that this algorithm requires. 

SUMMARY 

Tlic system for broadband data payload conversion cfli- 
ciently converts broadband data between two sets of data 
formats by manipulating the format conversion to simplify 
the formal conversion process. In particular, this .software 
system converts between AU(;/AU3/VC3 clear channel 
payloads and AU4/VC4/'TU3/VC:3 clear channel payloads in 
an enicienl manner, which also complies with the industry 
standard data fonniatling requirements. The present system 
implements an cnkient data format conversion process that 
u.ses existing circuitry and can effect the data formal con- 
version with only a few bytes of delay instead of an entire 
frame of delay as is typically found in existing systems. 
What is claimed: 

L A dala format conversion system for converting 
received network data between AUG/AU3/VC3 clear chan- 
nel payloads and AU4/VC4/TU3/VC3 clear channel 
payload.s, comprising: 

means for byte-disinterleavingsaid received network dala 

iiUo a plurality of distinct AU3 data streams; 
means for processing each of said plurality of distinct 
AU3 data .streams using write data row counters and 
write data column counters, one set of a)unters for each 
of said data streams, to identify the .stuff columns that 
are included in each of said plurality of distinct AU3 
data streams; 

means for deleting said stuff columns in cacti of said 

plurality of di.stinct AU3 data streams; 
means for converting each VC-3 dala stream to a p.seudo 
V(:-4/TU-3 format data stream by the addition of a 
dununy Jl byte column. OJ-I, plus an II -pointer col- 
umn having H 1 , H2, and i 13 liytes for each V(:-3 data 
.stream and interleaving three vr-3 data streams into a 
VC;-4/'TU-3 formal, wlierein HI in said H-poinler col- 
umn for each V( '-3 data stream has a fixed value and 
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is located from iis corresponding J 1 byte column in said 
VC-4/1XI-3 formal by a number of bils set by said fixed 
value; and 

means for discarding dummy bytes, interpreting said 111 
and H2 pointers in said pointer columns in said pscudo ^ 
VC-4/1'U-3 format, generating new HI, H2. and 113 
values and new values in said dummy Jl column and 
maintaining said payioad intact to form a valid AU4/ 
VC4/I'U3A^C3 payioad. 

2. The data formal conversion system of claim I, wherein 
said means for deleting said stuff columns further comprises; 

it means for tagging the incoming J 1 byte with a "one" in 
the Jl marker bit when it is written into said FIl^'O 
means. 

3. 'Ilie data format conversion system of claim I, wherein 
the stuff bits deleted arc those in columns 30 and 59 of the 
AU3 data. 

4. A method of operating a data format conversion system 
for ainverting received network data between AUG/AU3/ ^ 
VC3 clear channel payloads and AU4/VCVI'U3/VC3 clear 
channel payloads, comprising; 

byie-disinlerleaving said received network data into a 
plurality of distinct AU3 data streams; 

processing each of said plurality of distinct AU3 data 25 
streams using write.data row counters and write data 
column a>untcrs, one set of counters for each data 
stream, to identify (he stuff a)lumns that are included 
in each of said plurality of distinct AU3 data streams; 
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deleting said stuff columns that arc included in each of 
said plurality of distinct AU3 data streams in columns 
30 and 59 of the AU3 data to create VC-3 data streams; 

converting each of said VC-3 data streams to a pscudo 
AU-4/'rU-3 formal data stream by the addition of a 
dummy Jl byte column, DJ-1, plus an Il-poinlcr col- 
umn having HI, H2, and 113 bytes for each VC-3 data 
stream and interleaving the three VC-3 data streams 
into ayC-4/^IXI-3 format; and 

wherein Ml in said H column of each VC-3 data streams 
has a fixed value and is located from its corresponding 
J I byte column in said VC-'in"U-3 format by a number 
of bits set by said fixed value; and 

discarding dummy bytes, interpreting III, 112 and 113 
values in said pointer columns, generating new values 
in a Jl column of a VC-4 foniied from said pscudo 
VC-4 and maintaining said VC-3 payioad intact to form 
a valid AU4/VC4/rU3/VC3 payioad. 

5. Pie method of operating a data fomiat conversion 
system of claim 4, wherein said step of deleting said stuff 
columns further comprises; 

lagging the incoming Jl byte with a *'onc" in the Jl 
marker bit when it is written into said TH'O. 

6. The data format conversion system of claim 1, includ- 
ing means for reconstructing an output data stream in a 
pscudo VC4/'rU3 format upon detection of a Jl byte tag. 

If ♦ ♦ ♦ * 
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It is certified that error appears in the above- identified patent and that said Letters Patent is 
hereby corrected as shown below; 



Column 3. 

Line 8, delete "Ml 6/1", and insert -- M16/1 

Line 31, delete *'1TU-Iegar\ and insert -- ITU-lcgal 

Column 4, 

Lines 59-60, delete "53 H", and insert 53H 
Column 6. 

Line 58, delete "53 1 1", and insert - 53H 
Column 8. 

Line 10, delete "FI FO", and iasert - FIFO 

Column 9, 

Line 12, delete "it". 

Line 26, delete ".". 



Signed and Sealed this 
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